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COPPER, STARCH AND IODIDE MOISTURE
INDICATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to humidity indicators used
for indicating the relative humidity in an environment, and
more particularly, to copper humidity indicators which
change color at different relative humidities in an environ-
ment.

2. Description of Related Art

A variety of humidity indicators exist today. One type of
humidity indicator is a humidity indicating card, which is
used for many purposes including, determining the relative
humidity in shipping containers and packages, such as pack-
aged electronics and telecommunication products. The
humidity indicator cards are typically impregnated with a
humidity sensitive composition and dried. Most humidity
indicating cards made today use cobalt chloride as the indi-
cator, which changes color based on the level of hydration of
the cobalt chloride. Cobalt chloride can change from a blue
color, when ithas one water of hydration, to a pink color when
it has six waters of hydration. That is, the blue color becomes
increasingly red with each additional water of hydration.
Therefore, one can determine the approximate humidity
based on the color present on the card. An array of humidity
indication areas can be included on the card, wherein increas-
ing humidity levels are required to change different areas of
indication on the card from blue to pink.

A problem with humidity indicators using cobalt chloride
is that the cobalt chloride is a known irritant and a toxin.
Further, the use of cobalt chloride is subject to regulation
when used with food and pharmaceutical products. Thus,
cobalt chloride humidity indicators have limited applications
and are not useful in the food and pharmaceutical industries.

Some types of humidity indicator cards have impregnated
halides or other salts capable of releasing Cu** ions. Interna-
tional Publication No. WO 02/44712 discloses a humidity
indicator paper impregnated with copper salts, a synergistic
salt, and a dye.

Other types of humidity indicators include the use of
humidity indicating gels. In US Patent Application Publica-
tion No. 2004/0051081 Moreton discloses a silica gel mate-
rial impregnated with copper and bromide to provide a rela-
tive humidity indicator. U.S. Pat. No. 6,655,315 Gattiglia
discloses a silica gel impregnated with copper chloride and
hygroscopic salts, wherein the silica gel changes color to
indicate the presence of moisture.

There remains a need for an improved humidity indicator
that provides easily detectible color changes and that is non-
toxic.

BRIEF SUMMARY OF THE INVENTION

The present invention includes a moisture indicator com-
prising iodide, copper, and starch

DETAILED DESCRIPTION OF THE INVENTION

This invention overcomes disadvantages of prior practices.
The present invention provides a non-toxic humidity indica-
tor. The invention also provides a device that can be used in
food and pharmaceutical product packages. Further, the
invention provides a device that indicates when a desiccant
needs to be changed. The invention also provides a color
change in a capsule or sachet that is easily detectable by a
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user. Further, the invention allows one to vary the color of the
indicator areas. These and other advantages will be apparent
from the detailed description below.

The present invention includes a humidity indicating
device that comprises the invention moisture indicator in a
water vapor permeable container that has at least one area of
the package that is generally transparent, such that the human
eye can easily see the color change. The package may be a
capsule. The package in a preferred form is a sachet that is
formed in least in part of a water vapor transmitting material
such water vapor permeable, but water impermeable, non-
woven fabrics of polyethylene such as Tyvek®. A water vapor
permeable fabric or film that is transparent may be formed of
polyethylene or polyester film or polyethylene fabric. If
needed, the envelope is provided with a transparent film win-
dow that may or may not be water vapor permeable. If a
capsule is used, it may be transparent and may be, if needed,
provided with a gas permeable area of polymer or fabric. The
gas permeable area may be a micro porous polymer sheet or
fabric, such as Gore-Tex fabric. A water vapor permeable
capsule may be formed of hydroxyl propyl methyl cellulose
or other cellulose based materials that could be used.

The color change indicators of the invention change color
at between 20 and 25% relative humidity. The water absor-
bent typically is able to absorb enough water to reach a higher
relative humidity in the sachet or capsule. Therefore, the color
change is a warning that water vapor absorption has ceased or
is close to ceasing. The humidity indicating composition
includes copper, an iodide salt, and a starch in effective com-
binations that will react with water vapor at a certain humidity
to provide color change.

When starch, comprising an amylose starch is blended with
iodine in water a starch/iodine complex is formed which
produces an intense blue color. It seems that the form of 17>
ions get stuck in the coils of the beta amylose starch mol-
ecules. The starch forces the iodine atoms into a linear
arrangement in the central groove of the amylose coil. There
is some transfer of charge between the starch and the iodine.
That changes the way the electrons are confined and so
changes the energy levels. The iodine starch complex has the
energy level spacings that are just so for absorbing the visible
light giving the complex its intense blue color. When using
copper 11 sulfate pentahydrate and potassium iodine instead
of pure iodide with the amylose starch and depositing this on
the silica gel, we can geta silica gel that is white when dry and
blue when wet. When the silica gel is dry a copper (II) sul-
phate iodide complex is formed which does not form a blue
color with the starch. When the silica gel is wet this iodide
complex converts to an iodide ion that can then get into the
linear arrangement in the central groove of the amylose starch
coil producing the blue color.

The amylose starch may be present in any suitable amount
in the moisture indicator of the invention. Typical amounts of
amylose starch would be between 0.01 and 29 percent by
weight. A suitable range generally would be between 0.01 and
15 percent by weight. A preferred amount would be between
0.1 and 2.9 percent by weight for good color and moisture
sensitivity.

Starch can be separated into the two fractions amylose and
amylopectin. The structure of the amylose consists of lone
polymer chains of glucose units connected by an alpha acetyl
linkage. As a result of the bonds angles in the alpha acetyl
linkage, amylose actually forms a spiral much like a coiled
spring. Amylose in starch is responsible for the formation of
a deep blue color in the presence of iodine. The iodine mol-
ecule slips inside the amylose coil. The iodine is not very
soluble in water so the potassium iodine is dissolved in water
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with the copper (II) sulfate pentahydrate. This makes a com-
plex in the water that is more soluble in water. If starch
amylose is not present the blue color will not appear. Starch
amylopectin does not give the color nor does cellulose or
disaccharides such as sucrose or sugar. A starch that is a
mixture of amylose and amylopectin types is operable in the
invention, but only the amylose starch is active to give the
blue color. Only the iodine element in the presence of the
iodide ion will give the blue color with the amylose starch.
Neither iodine element alone nor the iodide ions alone will
give the blue color.

Any suitable metallic compound can be utilized in the
instant invention. The preferred metallic material is a copper
salt material or other soluble copper compound. Typical of
such materials are copper sulfates. A most preferred material
is copper sulfur pentahydrate as it produces a bright blue and
provides color change as it is dried to low humidity.

Any suitable amount of copper material may be utilized.
Typically, the copper material is present in an amount of
between 0.0004 and 4 percent by weight. The preferred cop-
per material may suitably be present in an amount of between
0.01 and 1 percent of the moisture indicator. The preferred
Copper 1I sulfate pentahydrate is most preferably present in
the moisture indicator in an amount between 0.04 and 0.4
percent by weight for good moisture sensitivity and color
change.

The material typically is provided with a carrier material
for the copper sulfate, starch and iodide active materials. Any
hydrophilic material may be suitable in the invention. Typical
of such materials are cellulose fibers and methyl cellulose
superabsorbents. A preferred material is silica gel as it is a
water absorbent, it is low in cost, and does not react with the
materials utilized in the color forming process.

The carrier material may be present in the moisture indi-
cator in any suitable amount. Typically it would be present in
an amount of between 65 and about 99.9 percent by weight. A
suitable amount would be between 83 and 99.9 percent by
weight. A preferred amount for silica gel is 96.5 to 98 percent
by weight for fast water absorption and compatibility with the
copper and iodide compounds.

The iodide ion source for the invention may be from any
suitable material that will dissolve in water and not interfere
with the reaction of the iodide in starch. The iodide may be
formed by dissolving any of the ordinary halide salts such as
sodium iodide, lithium iodide, or iodide complexes. A pre-
ferred salt is potassium iodide as it is rapidly soluble and
compatible with the sulfate and starch.

The halide iodide salt in the moisture indicator is typically
present in an amount of between 0.01 and 3 percent by weight
of the moisture indicator. A suitable amount of iodide salt
would be between 0.05 and 1 percent by weight. For the most
preferred potassium iodide salt, an amount between 0.01 and
3 percent is preferred for good moisture sensitivity and color
change.

The halide iodide salt is typically present in an amount of
between 0.01 and 3 percent by weight of the moisture indi-
cation. A suitable amount of iodide salt would be between
0.05 and 1 percent by weight. For the most preferred potas-
sium iodide salt an amount between 0.01 and 3 percent is
preferred for good moisture sensitivity and color change.

The following examples are illustrative and not exhaustive
of the invention. Parts and percentages are by weight unless
otherwise indicated.
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4
Example 1

The following formulation mixture was made:

300. grams of silica gel

120. grams of 5% solution of National Starch 1215 amy-

lose starch in water

120. grams of water containing 0.1% (0.12 grams) copper

(II) sulphate pentahydrate and 0.3% (0.36 grams) potas-
sium iodide.

The two solutions were made and then each was mixed
together with the silica gel. The silica gel was allowed to
adsorb the solutions for about 2 hours. Then the mixture was
dried overnight at 110° C. The next morning when the silica
gel was dry the silica gel was white in color. When this silica
gel was humidified the color was blue.

Example 2

The following formulation mixture was made:

To 30 grams of water, with mixing to dissolve, is added
0.03 grams of copper 11 sulfate pentahydrate and 0.09 grams
of sodium iodide. To this solution is added, with mixing 30
grams of 5% solution of National Starch 1215, an amylose
starch. Then 75 grams of silica gel is mixed into the solution.
The mixture is then dried at about 120° C. The dry material
was very dark blue when made, brown/blue when dried, and
purple when wetted by absorption at about 30% humidity.

In Examples 3-8 the forming process of Example 2 was
repeated.

Example 3
Control

The following formulation mixture was made:

75 grams silica gel

30 grams of 5% solution of National Starch 1215 in water

30 grams of water containing 0.03 grams of copper sulfate

pentahydrate and 0.006 grams of sodium iodide

The mixture is then dried at about 110° C. The dry material
was a nice blue when made, white when dried, and white
again when water was added. The material is believed to need
more sodium iodide to change color when wet.

Example 4

The following formulation mixture was made:

75 grams silica gel

30 grams of 5% solution of National Starch 1215 in water

30 grams of water containing 0.012 grams of sodium

iodide

The mixture is then dried at about 110° C. The dry material
is a nice blue color when wet, it is light purple when dried and
bright purple when wetted again.

Example 5
Control

The following formulation mixture was made:
75 grams silica gel
30 grams of 5% solution of National Starch 1215 in water

30 grams of water containing 0.07 grams of potassium
iodide
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The mixture is then dried at about 110° C. The dry material
was white in color when made and no color change after. The
material is believed to need more potassium iodide to change
color when wet.

Example 6

The following formulation mixture was made:

75 grams silica gel

30 grams of 5% solution of National Starch 1215 in water

30 grams of water containing 0.13 grams of potassium

iodide

The mixture is then dried at about 110° C. The dry material
was a slight purple color when made, a yellow color when
dried, and a nice purple color when wet again.

Example 7

The following formulation mixture was made:

75 grams silica gel

30 grams of 5% solution of National Starch 1215 in water

30 grams of water containing 0.03 grams of sodium iodide

The mixture is then dried at about 110° C. The dry material
was a slight purple color when made, white after being dried,
and light purple again when wetted.

Example 8
Control

The following formulation mixture was made:

75 grams silica gel

30 grams of 5% solution of National Starch 1215 in water

30 grams of ethyl alcohol containing 0.04 grams of sodium

iodide

The mixture is then dried at about 110° C. The dry material
is white and does not change color when wet. It is believed
that more sodium iodide is needed to work with the ethyl
alcohol.
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The invention has been described in detail with particular
reference to a presently preferred embodiment, but it will be
understood that variations and modifications can be effected
within the spirit and scope of the invention. The presently
disclosed embodiments are therefore considered in all
respects to be illustrative and not restrictive. The scope of the
invention is indicated by the appended claims, and all changes
that come within the meaning and range of equivalents
thereof are intended to be embraced therein.

The invention claimed is:

1. A humidity indicator comprising:

a water vapor permeable container; and

iodide disposed in the water vapor permeable container;

copper disposed in the water vapor permeable container;

and

starch disposed in the water vapor permeable container.

2. The humidity indicator of claim 1, wherein the water
vapor permeable container comprises a capsule.

3. The humidity indicator of claim 1, wherein the water
vapor permeable container comprises a transparent section
for viewing the contents of the water vapor permeable con-
tainer.

4. The humidity indicator of claim 3, wherein the starch
comprises amylose starch.

5. The humidity indicator of claim 1, wherein the water
vapor permeable container is impermeable to liquid water.

6. The humidity indicator of claim 1, further comprising a
carrier material.

7. The humidity indicator of claim 6, wherein the carrier
material comprises a hydrophilic material.

8. The humidity indicator of claim 6, wherein the carrier
material comprises at least one of cellulose fiber, methyl
cellulose superabsorbents, or silica gel.

9. The humidity indicator of claim 1, wherein the contents
of the water vapor permeable container change color at
between about 20% and about 25% relative humidity.
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